The effects of an allelochemical extracted from the culture filtrate of diatom Phaeodactylum 13 tricornutum on the raphidophyte Heterosigma akashiwo were investigated using a series of 14 morphological, physiological and biochemical characters. Growth experiments showed that H. 
3 ecosystems. Allelochemicals influence multiple cell functions including cell division, metabolism, 45 photosynthesis, respiration, and enzyme activity (Duke, 2003; Singh and Thapar, 2003; Belz and Hurle, to N-phenyl-2-naphthylamine (Qian et al., 2009) , an allelochemical isolated from root exudates of 48 water hyacinth (Eichhornis crassipes) (Sun et al., 1993) . The inhibition of photosynthesis (especially 49 photosystem II) and the inhibition of enzyme activities (e.g., alkaline phosphatase) were also identified 50 as common modes of actions for allelochemicals (Gross et al., 1996; Körner and Nicklisch, 2002; Zhu 51 et al., 2010; Wang et al., 2016 a) . Enzyme activity is increasingly measured in microalgae (e.g., 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12/12-h light/dark cycle. Illumination was provided by cool white filament lamps at 70 µmol m -2 s -1
. All
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glassware was acid-soaked, cleaned with milli-Q water, and autoclaved. Cultures were gently shaken 87 twice manually every day to avoid wall growth and prevent the sedimentation of algae . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 A 27-L culture was maintained in a transparent polyethylene container until late exponential phase.
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The filtrate was obtained by centrifugation (1814.4×g, 15 min 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 6 50%, 70%, 80%, 90%, 95% and 100% alcohol solutions for 20 min. Samples were then fixed in tert 111 butyl alcohol and freeze-dried for final SEM (Hitachi, Japan) observation after dehydration . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   7 fluorescence when the algal cell membrane is broken. The cell staining was performed by treating each 133 0.5 mL algal suspension with 0.455 mL PI (0.14 mg mL -1 , working solution dissolved in Milli-Q water)
134
and incubating for 15 min at room temperature. The fluorescence intensity was detected using the FL2
135
channel of the FCM.
136
Fluorescein diacetate (FDA) was used to assess esterase activity (Franklin et al., 2001 
143
Fluorescence was measured using the FL1 channel on the FCM.
144
The forward-angle light scatter signal (FSC) was also measured as an indicator of cell size or cell 145 volume, as the signal intensity is linearly related to the square of the cell diameter or cross sectional 146 area (Cunningham and Buonnacorsi, 1992, Wang et al., 2016 a) .
147
All samples were kept on the ice under dark conditions before the FCM measurements. FCM data
148
were interpreted as the mean fluorescence intensity (MFI).
149

Data analysis
150
To estimate the effect of the isolated allelochemical released by Phaeodactylum tricornutum on 1 100 
180
Changes in cell size were explored using the ratio of the mean FSC signal in the treated cultures to 181 that of the controls. No significant change of cell size was observed in the treated cells (p<0.05; Fig.2 ).
182
In a similar finding, the size of Microcystis aeruginosa did not change when exposed to the 
184
SEM images were used to observe the effect of the allelochemical on the morphology of. 
188
which may facilitate agglomeration during the process of sample preparation prior to SEM observation 189 (Guo, 1994) . In the treated cells, the outer membrane of H. akashiwo was damaged, with multiple holes
190
of different sizes and shapes apparent on many cells (Fig.3B ). Some cells were in very bad condition,
191
and would likely die with such damage (Fig.3C, D 
200
Photosynthesis is the central physiological process for primary producers in marine systems, and 201 thus has been widely reported as an important target of allelochemicals (Kӧrner and Nicklisch, 2002) .
202
Li et al (2007) 
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The fluorescence of DiOC6(3) was also used to assess the change of membrane potential due to the 
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